ABSTRACT Crapemyrtle aphids, Sarucallis kahawaluokalani (Kirkaldy), are a common pest of crapemyrtle (Lagerstroemia spp.) throughout the southeastern United States. Breeding programs have produced Ͼ100 crapemyrtle cultivars that vary in ßoral color, plant height, and disease resistance, but these programs did not evaluate insect resistance as part of the selection process. In this study, the host suitability of crapemyrtle cultivars and host preference of the crapemyrtle aphid were tested using the following seven crapemyrtle cultivars: ÔCarolina BeautyÕ, ÔByers Wonderful WhiteÕ, ÔApalacheeÕ, ÔLipanÕ, ÔTuscaroraÕ, ÔSiouxÕ, and ÔNatchezÕ. Host suitability or aphid preference may be affected by cultivar attributes of plant parentage, source of Lagerstroemia fauriei Koehne germplasm, and mature plant height. Host suitability was evaluated by measuring daily and total fecundity under no-choice conditions. Host preference of the crapemyrtle aphid was tested in a choice experiment that used eight crapemyrtle cultivars; the seven used in the no-choice experiment plus Lagerstroemia speciosa L. In the no-choice experiment, aphid daily fecundity was not different among the crapemyrtle cultivars, but aphid total fecundity was different for the factors cultivar, plant parentage, source of germplasm, and mature plant height. Crapemyrtle aphid host preference in the choice experiment indicated that there were differences among cultivar, parentage, source of germplasm, and mature plant height. Results from this study are useful for plant breeding programs that have the objective of producing aphid resistant cultivars.
The crapemyrtle aphid, Sarucallis kahawaluokalani (Kirkaldy), is one of the most common and conspicuous pests of crapemyrtle within the United States and is found worldwide in association with crapemyrtle Lagerstroemia spp. Crapemyrtle aphids are relatively host speciÞc, and within the United States, S. kahawaluokalani rarely attacks plants outside the genus Lagerstroemia. The bionomics, life history, and seasonal abundance of the crapemyrtle aphid are known (Mizell and Schiffhauer 1987; Allen 1991, 1992a) . In comparison to many aphid species, crapemyrtle aphids are atypical in two ways: (1) all adults, except the egg laying females (oviparae), are winged and capable of ßight, and (2) there are no parasitoids known to attack crapemyrtle aphids under Þeld conditions Allen 1992a, Mizell et al. 2002) . These attributes combined with the more typical attributes of viviparous parthenogenetic reproduction and telescoping generations allow crapemyrtle aphids to rapidly locate and infest crapemyrtles in nursery and urban landscape environments (Dixon 1998) .
Crapemyrtles are one of the most popular ornamental plants throughout the southeastern United States and were introduced for their ßoral beauty and horticultural properties. Unfortunately, early cultivars of crapemyrtle suffered from powdery mildew, Erisyphe lagerstroemiae E. West, and cercospora leaf spot, Cercospora lythracearum Heald and Wolf (Dix 1999) . In the United States, resistance to powdery mildew was established in crapemyrtle cultivars through a breeding program at the National Arboretum. Hybridizing Lagerstroemia fauriei with Lagerstroemia indica produced several powdery mildew-resistant cultivars, but insect resistance was not considered during the selection process (Egolf 1981a (Egolf , b, 1986a (Egolf , b, 1987a (Egolf , b, 1990a Studies have indicated that L. fauriei parentage can affect the susceptibility of crapemyrtle to insect herbivores Knox 1993, Pettis et al. 2004) .
Lagerstroemia fauriei parentage has at least two and possibly three separate sources of germplasm, which may also inßuence insect resistance. The Þrst source of L. fauriei germplasm came from seeds collected in a mountain range near Kurio, Yakushima, Japan, and this source was used to produce Ͼ19 powdery mildewresistant cultivars that are among the most popular and widely grown in the United States (Egolf 1981a (Egolf , b, 1986a (Egolf , b, 1987a (Egolf , b, 1990a Pooler and Dix 1999; Pooler 2003) . Another source of L. fauriei germplasm is from a cultivar known as ÔBashamÕs Party PinkÕ that was discovered in Texas and was not produced through a plant breeding program. ÔBashamÕs Party PinkÕ is believed to be a natural hybridization of L. indica and L. fauriei, but its germplasm may be related to the seedlings used in the breeding program at the National Arboretum because it was discovered after the breeding program to produce powdery mildew-resistant cultivars (Pooler 2003) . The Þnal source of L. fauriei germplasm present in L. indica ϫ L. fauriei cultivars is from L. fauriei cuttings taken along a river in Yakushima (Japan) (Pooler and Dix 1999, Pooler 2003) . This lineage is separate from the seedlings or ÔBashamÕs Party PinkÕ, and ÔApalacheeÕ is currently the only widely available cultivar from this source of germplasm (Pooler and Dix 1999, Pooler 2003) .
Crapemyrtle aphid damage is most noticeable as a black sooty mold Capnodium sp. that grows on plant surfaces that have been coated with aphid honeydew. Thick coatings of sooty mold detract from the visual esthetics of crapemyrtle by turning the plant black and can cause early leaf drop or complete defoliation (Dozier 1926) . Studies on the susceptibility of crapemyrtles to aphid and beetle attack indicated that there are differences among cultivars, plant parentage (pure L. indica versus L. indica ϫ L. fauriei), and mature plant height (dwarf, medium, or tall) (Alverson and Allen 1992b , Mizell and Knox 1993 , Pettis et al. 2004 ). Mizell and Knox (1993) showed that pure L. indica cultivars were more resistant to crapemyrtle aphid attack than L. indica ϫ L. fauriei hybrids and that dwarf plants were more resistant to aphids than medium or tall.
Differences in susceptibility may be attributed to several factors including but not limited to host plant suitability, aphid host preference, or aphid host Þnd-ing. Finding and using a host may be a challenge for aphids because they tend to be host speciÞc and have poor control over their ßight path (Dixon 1998 , Powell et al. 2006 . Even if crapemyrtle aphids locate a suitable cultivar or species, the plant may have antibiotic or antixenotic mechanisms that help it resist aphid attack (Painter 1968 , Kogan and Ortman 1978 , Panda and Khush 1995 , Hill et al. 2004 . These mechanisms are deÞned as plant attributes, but insect attributes like host preference or host searching behavior can also inßuence the susceptibility of a plant to insect attack. In this paper, the word "preference" is used as an aphid attribute under choice conditions, "suitability" is used as a synonym of antibiosis; a plant attribute that affects an insectÕs health or reproduction, and "susceptibility" is used as the population of aphids that develop on a plant under Þeld conditions (Singer 2000 , Powell et al. 2006 .
The purpose of this study was to investigate the host suitability of different crapemyrtle cultivars and the host preference of the crapemyrtle aphid. The study also evaluates attributes that are shared by more than one cultivar of crapemyrtle such as plant parentage, source of L. fauriei germplasm, and mature plant height.
Materials and Methods
Crapemyrtle. Seven cultivars of crapemyrtle were selected based on their parentage, source of germplasm, mature plant height, and availability, as follows: ÔCarolina BeautyÕ, ÔByers Wonderful WhiteÕ, ÔLipanÕ, ÔTuscaroraÕ, ÔApalacheeÕ, ÔNatchezÕ, and ÔSiouxÕ. The selected cultivars represent the two major parentages and include a cultivar with a medium (4 Ð 6 m) and tall (Ͼ7 m) mature plant height from three of the four sources of germplasm (Table 1) . ÔApalacheeÕ is the only cultivar commercially produced from the L. indica ϫ L. fauriei (cuttings) line of germplasm and thus is the only representative from this source of germplasm. All seven crapemyrtle cultivars are available in a 5-yr-old planting at the North Florida Research and Education Center Quincy, FL.
No-Choice Experiment. Agar petri plates were prepared following the procedures outlined in Reilly and Tedders (1990) . We combined 6 g of granular agar (Fisher, Atlanta, GA) and 500 ml of distilled water in a 1-liter autoclave bottle, autoclaved the mixture for 20 min, and poured 5 ml of agar into each 10 by 40-mm petri plate. After the agar mixture solidiÞed, the plates were stacked and stored agar side up.
Leaf disks were prepared by cutting one 40-mm disk from each leaf. Disks from the same plant were washed in cold running tap water for 10 min. After washing, the disks were disinfected by placing them in a 1:3 bleach:water solution for 2 min and rinsed four times with sterilized deionized water (Reilly and Tedders 1990) . One disk was placed on each 10 by 40-mm plate with the adaxial side of the leaf in contact with the agar. The plates were inverted, allowing the aphids to Table 1 . Lagerstroemia cultivars and the attributes used for the construction of a priori hypotheses and contrasts feed on the underside of the leaf in their normal inverted orientation. Four aphid colonies were used in the no-choice experiment, and each colony was reared on a separate crapemyrtle cultivar. The procedure for starting the ÔApalacheeÕ colony was as follows: (1) a single adult virginoparous aphid (foundress) was collected from an ÔApalacheeÕ plant in the Þeld, (2) the aphid was brought to the laboratory and placed on a 40-mm ÔApalacheeÕ leaf disk, and (3) the foundress, her progeny, and subsequent generations were reared on 40-mm ÔApalacheeÕ leaf disks on agar plates. To produce four unique colonies, the procedure above was repeated for the cultivars ÔNatchezÕ, ÔByers Wonderful WhiteÕ, and ÔTuscaroraÕ. Colonies were started with the previous procedures to test whether the foundress selected the most suitable cultivar for her offspring and their descendants.
Four plants from ÔCarolina BeautyÕ, ÔByers Wonderful WhiteÕ, ÔLipanÕ, ÔTuscaroraÕ, ÔApalacheeÕ, ÔNatchezÕ, and ÔSiouxÕ were used in the experiment, and leaf material was collected from plants in the Þeld. Leaves were chosen by randomly selecting a branch, identifying the third pair of fully expanded leaves from the branch terminal, and removing a single leaf from the pair. Four leaves from each of the 28 plants were removed from the plant, placed in a plastic bag (one bag per plant), stored in a cooler that contained ice packs, and transported to the laboratory. In the laboratory, one 40-mm leaf disk was removed from each leaf and prepared as outlined in the procedures above. Leaf disks were labeled with the cultivar and plant of origin. The four leaf disks that came from the same plant were randomly assigned to one of the four aphid colonies. One adult virginoparous aphid that was from the appropriate aphid colony and Ͻ24 h after adult emergence was placed on each disk. Petri plates containing leaf disks were kept at 23 Ϯ 2ЊC on a laboratory bench under ßuorescent lighting that maintained a 14:10 light:dark photoperiod. Light Þxtures contained two 40-W tubes that were 0.75 m from the petri dishes. Fecundity was recorded daily and deÞned as the number of new nymphs produced within 24 h. New nymphs were gently removed using a small vacuum pump Þtted with plastic tubing and a pipette. This method of removal was chosen because it caused the least amount of disturbance to the adult virginoparous aphid.
In 2006, the no-choice experiment was repeated, but because of results obtained in 2005, aphid colony was not used as a factor. The 2006 procedures differed in two ways: (1) the disks were placed in a growth chamber at 22ЊC with a 14:10 light:dark photoperiod and (2) the adult virginoparous aphid was moved to a fresh leaf disk every 7 d.
Choice Experiment. In addition to the seven cultivars used in the no-choice experiment, the aphid preference choice experiment included an additional species of crapemyrtle, Lagerstroemia speciosa L. Lagerstroemia speciosa acted as a negative control because it is one of the few species of Lagerstroemia that is not a suitable for the growth and development of the crapemyrtle aphid. All aphids used in the choice experiment were descendants of a single aphid that was reared on a cultivar not tested (Tonto). The choice arena was constructed from a 20 by 4-cm agar plate. Leaf disks were prepared by rinsing with water to remove foreign particles, but mold was not a concern during this experiment and the leaf disks were not disinfected before their use in the experiment. Disks were placed on the plates as in the previous experiment with the adaxial side of the leaf in contact with the agar. Each arena had one leaf disk from each cultivar, and the disks were randomly arranged around the outer edge of the petri plate. The experiment used eight arenas and each arena received 24 adult virginoparous aphids. Four arenas were placed in a growth chamber at 22ЊC with a 14:10 light:dark photoperiod, and the other four arenas were placed in the growth chamber in complete darkness. Complete darkness was tested to study whether crapemyrtle aphid movement or host discrimination might differ when visual cues were absent. Arenas were checked once per day for 3 d, and the number of adults and nymphs on each disk was recorded.
Statistics. The experimental design for the 2005 leaf disk experiment was a split plot design with crapemyrtle cultivar as the main plot factor and aphid clone as the subplot factor. Thus, cultivar is replicated by plant(cultivar), whereas aphid clone is replicated by disk(plant ϫ cultivar). Daily fecundity data were analyzed using repeated measures analysis PROC MIXED SAS 9.1.3 (SAS Institute 2000 Ð2004). Total fecundity data from 2005 and 2006 were combined and analyzed using PROC GLM SAS 9.1.3 (SAS Institute 2000 Ð2004). Because both years used the same plants, the analysis used plant(cultivar) as the error term for cultivar and plant(cultivar ϫ year) as the error term for year and year ϫ cultivar. Means of signiÞcant factors were separated using TukeyÕs honestly significant difference (HSD) (SAS Institute 2000 Ð2004). A regression analysis on aphid total fecundity and aphid longevity was performed in SAS using PROC REG SAS 9.1.3 (SAS Institute 2000 Ð2004).
Choice data were analyzed using PROC GLIMMIX SAS 9.1.3 (SAS Institute 2000 Ð2004). Data were square root transformed and analyzed using a repeated-measures analysis. L. speciosa data were removed from the analysis because no adults were observed on the leaf disks at any time and only two nymphs were ever observed on a L. speciosa disk.
Both experiments used a priori orthogonal contrasts to compare the following crapemyrtle attributes: (1) 
Results
No-Choice Experiment. Repeated-measures analysis for the 2005 data did not indicate that daily fecundity was different among crapemyrtle cultivars or the four aphid colonies, but crapemyrtle aphid total fecundity was different among crapemyrtle cultivars (F ϭ 6.24; df ϭ 6,21; P Ͻ 0.001; Fig. 1 ). Total fecundity was not found to be different for the aphid colonies and there was no cultivar ϫ colony interaction. Repeated-measures analysis from 2006 showed the same nonsigniÞcance for daily fecundity as the test in 2005. To test for differences between years and to test whether the effect of cultivar was the same for both years, the total fecundity data from 2005 and 2006 were combined. Total fecundity data for the combined dataset from 2005 and 2006 showed differences for year (F ϭ 50.71; df ϭ 1,21; P Ͻ 0.0001; Fig. 2A ) and cultivar (F ϭ 4.89; df ϭ 6,21; P ϭ 0.0028, Fig. 2B ). Because there was no interaction between year and cultivar, the a priori contrasts were applied to the combined data set from both years. Crapemyrtle aphids reared on pure L. indica cultivars had a lower total fecundity than aphids reared on the cultivars that were L. indica ϫ L. fauriei hybrids (F ϭ 17.3; df ϭ 1,21; P Ͻ 0.001; Fig. 2B ). Source of L. indica ϫ L. fauriei germplasm did not signiÞcantly affect aphid total fecundity, but there were differences in aphid total fecundity associated with mature plant height. Aphid total fecundity differed according to mature plant height within the pure L. indica source of germplasm (ÔCarolina BeautyÕ versus ÔByers Wonderful WhiteÕ; F ϭ 7. 13; df ϭ 1,21; P ϭ 0.014; Fig. 2B ) and the ÔBashamÕs Party PinkÕ source of germplasm (ÔLipanÕ versus ÔTuscaroraÕ; F ϭ 4.31; df ϭ 1,21; P ϭ 0.05; Fig.  2B ). Using all cultivars and both years, crapemyrtle aphid total fecundity was found to be correlated with adult longevity (Fig. 3 ; R 2 ϭ 0.86).
Choice Experiment. The number of adult aphids that settled on a leaf disk was different among the crapemyrtle cultivars (F ϭ 5.79; df ϭ 6,36; P ϭ 0.0003), but there was a signiÞcant interaction between the main effects of cultivar and photoperiod (F ϭ 2.54; df ϭ 6,36; P ϭ 0.0375). An interaction between cultivar and photoperiod indicates that the effect of cultivar was not the same for arenas kept under a 14:10 light: dark photoperiod and the arenas kept in complete darkness. Therefore, the a priori contrast statements were evaluated separately for arenas that received a 14:10 light:dark photoperiod and arenas kept in complete darkness. Data from the arenas kept at a 14:10 light:dark photoperiod showed differences between the two parentages L. indica and L. indica ϫ L. fauriei (F ϭ 4.64; df ϭ 1,18; P ϭ 0.0451; Fig. 4A ) and between the L. fauriei ÔBashamÕs Party PinkÕ and L. fauriei seedlings sources of germplasm (F ϭ 10.65; df ϭ 1,18; P ϭ 0.0043; Fig. 4A ). The 14:10 light:dark photoperiod data also showed differences for mature plant height for the cultivars within the pure L. indica parentage (ÔBy-ers Wonderful WhiteÕ and ÔCarolina BeautyÕ; F ϭ 8.01 df ϭ 1,18; P ϭ 0.0111; Fig. 4A ) and the L. fauriei seedlings source of germplasm (ÔSiouxÕ and ÔNatchezÕ; F ϭ 5.87 df ϭ 1,18; P ϭ 0.0262; Fig. 4A ). Data analysis for arenas kept in complete darkness indicated that there was a difference between the L. fauriei cuttings source of germplasm and the grouping of the L. fauriei seedlings and ÔBashamÕs Party PinkÕ sources of germplasm (F ϭ 4.81; df ϭ 1,18; P ϭ 0.0417; Fig. 4B ). There was also a difference between medium and tall mature plant heights within the L. indica parentage (ÔByers Wonderful WhiteÕ and ÔCarolina BeautyÕ) (F ϭ 11.25; df ϭ 1,18; P ϭ 0.0035; Fig. 4B ). The number of nymphs on a disk was correlated with the number of adults on that leaf disk for arenas that were kept at a 14:10 light:dark photoperiod (y ϭ 0.132 ϩ 3.43x; R 2 ϭ 0.61) and arenas kept in complete darkness (y ϭ 0.392 ϩ 3.04x; R 2 ϭ 0.73), where y ϭ (square root of nymphs) and x ϭ (square root of adults) (data not shown).
Discussion
Previous experiments studying the host suitability of crapemyrtle cultivars focused on ÔCarolina BeautyÕ and ÔNatchezÕ as representatives of pure L. indica and L. indica ϫ L. fauriei hybrids, respectively (Alverson and Allen 1992a, b) . Data from this study agree with the results of Alverson and Allen (1992b) in that aphid total fecundity was different for aphids reared on the cultivars ÔNatchezÕ and ÔCarolina BeautyÕ, but aphid daily fecundity was not different for aphids reared on ÔNatchezÕ and ÔCarolina BeautyÕ. Results from this study expanded the knowledge of how crapemyrtle cultivar affects crapemyrtle aphid fecundity for an additional pure L. indica cultivar and four additional L. indica ϫ L fauriei cultivars. Data from this study are also in agreement with host susceptibility data presented in Mizell and Knox (1993) . The previous authors and this study found higher aphid populations or total fecundity (respectively) on L. indica ϫ L. fauriei cultivars than cultivars of pure L. indica decent.
Mature plant height is another plant attribute that may be important for considering crapemyrtle aphid resistance. Mizell and Knox (1993) found that cultivars with a tall mature plant height were more susceptible than plants that had a medium mature plant height. This study detected differences in aphid fecundity when aphids were reared on cultivars with a different mature plant height, but the effect of mature plant height was different between pure L. indica cultivars and L. indica ϫ L. fauriei hybrids. Therefore, mature plant height may be more important to suitability when it is considered in the context of plant parentage or source of germplasm.
During the no-choice experiment, virginoparous aphids were rarely found dead with their stylets inserted into the plant tissue, and most aphids were found dead on the agar or the bottom of the petri plate. Cultivar suitability measured in this study may differ because of rejection of the leaf disk, and it is unknown whether this rejection is caused by antibiosis or antixenosis. It is known that many aphid specialists can use plant secondary metabolites for host selection, feeding, or parturition stimulants, but overall Þtness of an aphid is attributed to host plant nutritional quality (Fragoyiannis et al. 1998 , Powell et al. 2006 . Data from this study cannot determine whether nutritional or chemical attributes signiÞcantly contributed to the rejection of a leaf disk, but because the rejection took place after several days of feeding and reproduction, nutritional or chemical constituents of the phloem are logical factors to consider for future work.
Crapemyrtle aphid host plant preference was associated with host plant suitability, and both experiments found fewer aphids on the pure L. indica cultivars in comparison with the hybridized L. indica ϫ L. fauriei cultivars. The only noticeable effect of com- plete darkness was the lower number of aphids seen on the cultivars ÔLipanÕ and ÔTuscaroraÕ, which are derived from the same source of L. fauriei germplasm. It is unknown if complete darkness differentially affected plant chemistry or simply suppressed aphid movement, but the higher correlation of nymphs to adults for the arenas in complete darkness suggests that aphid nymphs are less likely to move under dark conditions.
The most popular and widely available crapemyrtle cultivars are the hybridized L. indica ϫ L. fauriei cultivars, and their popularity is attributed to powdery mildew resistance. Unfortunately, these cultivars seem to be more suitable, more susceptible, and less resistant to aphid attack, and extensive use of these cultivars in urban landscapes could lead to more aphid problems in the future. Data from this study may be useful for crapemyrtle plant breeding programs with the objective to produce aphid resistant cultivars.
